Abstract Summarizes the articles in, and the citations to, volumes 2-24 of the Journal of Computer-Aided Molecular Design. The citations to the journal come from almost 2000 different sources that span a very wide range of academic subjects, with the most heavily cited articles being descriptions of software systems and of computational methods.
Introduction
The editorial of the very first issue of the Journal of Computer-Aided Molecular Design (hereafter JCAMD) stated that ''a new discipline has emerged which has invaded almost all aspects of the study of molecular structure and recognition. Its applications range through modern medicinal chemistry, protein engineering, catalytic design, polymer studies and many other facets of organic, inorganic, physical and biological chemistry'' [1] . The journal was established to provide a mechanism for research findings in this new discipline, and it has done this with conspicuous success for a quarter of a century. The first volume appeared in 1987 with this and the subsequent three volumes all containing four issues. The journal moved to having six issues a volume in 1991, to eight in 2000, and to its current monthly publication in the following year following its merger with the closely related review journal Perspectives in Drug Discovery and Design. The steady growth in the number of issues (and, consequently, in the number of articles, with 22 in the first volume and 91 in the most recently completed volume for 2010) demonstrates that the journal is successfully meeting the needs of an increasingly widespread academic community.
This brief communication uses the methods of bibliometrics [2, 3] to provide an overview of the articles that have appeared in JCAMD and, more importantly, of JCAMD's scientific impact as denoted by the citations to it from the broader scientific literature. Such bibliometric studies of journals have been reported in very many disciplines [4] including, recently, computer-aided drug discovery [5] [6] [7] . The data for the present study was obtained from the Web of Science, a database from Thomson Reuters that contains the publications in, and the citations to, ca. 10,000 of the world's leading academic journals and ca. 110,000 conference proceedings. It also contains tools that allow very rapid processing of large volumes of publication and citation data from the database, enabling analyses to be carried out in a few hours that would previously have taken many weeks of effort. The Web of Science has covered JCAMD since the start of volume 2 in 1988, and the analyses below are based on the articles that have appeared from then till the end of 2010 (i.e., up to and including volume 24). After excluding editorials, reviews, letters etc. a total of 1,175 articles appeared in these 23 volumes, and this corpus formed the basis for the discussion below.
contributed ten or more articles, these comprising the following: Clark, Dean (the most productive with no less than 28 contributions), Gasteiger, Höltje, Jain, Kuntz, Marshall, Murray, Oprea, Orozco, and Willett. Conversely, no less than 3,829 individuals made two or less contributions to the journal: this highly skewed distribution is known as Lotka's Law and is apparent in very many bibliometric analyses of publication data.
A skewed distribution is also apparent when one considers the 55 countries represented by the authors, where three countries dominate. These are the USA, the UK and Germany with 417, 217 and 132 contributions, respectively; taken together, these countries represent 64.8% of the total country data for the period. However, significant changes are taking place in the international organization of science. Thus, if one sub-divides the country data into the periods 1987-2000 and 2001-2010, then the first four countries are USA, UK, Germany and Spain (in that order) for both periods, with France, Italy, Sweden and Switzerland also appearing in the ten most productive countries for both periods. However, the dominance of the USA is far more pronounced in this century, and China and India have moved from joint-27th and joint-22nd positions to fifth and sixth positions, respectively. In addition to such expected countries, the journal's international scope is demonstrated by contributions from countries as diverse as Lithuania, Uruguay and Uzbekistan.
The authors came from 972 different institutions. Hardly surprisingly, most of these are academic institutions but it is interesting to note that no less than 17 of the 77 institutions that have contributed at least five articles are industrial in character. These 17 include both software companies (e.g., Molsoft, OpenEye and Tripos) and pharmaceutical companies (e.g., Abbott, Merck and Novartis), with several of the latter now defunct following the many mergers that have taken place in the pharmaceutical industry over the last few years (e.g., SmithKline Beecham, Wellcome and Wyeth Ayerst).
Citations to the journal
The articles attracted a total of 31,262 citations (as of lateSeptember 2011) with an h-index of 71, i.e., 71 of the articles had attracted at least 71 citations [8] . JCAMD's impact is widespread with the citations coming from a total of 19,468 articles in 1944 different sources (overwhelmingly academic journals). The 20 journals that provided the greatest numbers of citations are listed in Table 1 . Very crudely, one can divide the papers in JCAMD into two broad (albeit often overlapping) categories. The first category includes articles that describe a method of some sort (e.g., a matching algorithm for molecular alignments, or a novel criterion for evaluating the predictive power of a QSAR method) or a computer (normally software) system that has been developed to carry out some particular modelling task (e.g., identifying the hot-spots in a protein binding site, or computing melting points). The second category comprises articles that describe the practical use of a method or a system in a molecular design project (e.g., a QSAR analysis of a set of Factor Xa inhibitors, or the development of a pharmacophore model for a set of dopamine D 4 receptor antagonists).
It will be seen that Table 1 contains both chemoinformatics journals, which are likely to provide many of the citations to method/system articles, and more general chemical journals (albeit with the expected preponderance of medicinal and biological chemistry), which are likely to provide many of the citations to applications articles; both types of journal are likely to make extensive reference to 1 The totals for Journal of Chemical Information and Modeling, Journal of Molecular Graphics and Modelling and Molecular Informatics include citations from their predecessor journals, i.e., Journal of Chemical Information and Computer Sciences, Journal of Molecular Graphics, and both QSAR and QSAR and Combinatorial Science, respectively 2 The total for Journal of Computer-Aided Molecular Design includes citations from Perspectives in Drug Discovery and Design 3 The 5-year impact quoted for Molecular Informatics is that for its processor QSAR and Combinatorial Science, as a figure for the renamed journal is not yet available the many system-description articles published in JCAMD if the ''standard'' reference (see below) is cited. The 5-year journal impact figures (i.e., the number of times that a typical article in a particular journal has been cited in a particular time-frame) are also listed in Table 1 . This data comes from the Thomson Reuters Journal Citation Reports database, and demonstrates clearly the scientific quality of the journals that are drawing on work published in JCAMD.
The 1944 different sources cover no less than 170 different Web of Science subject categories, with the 20 most frequently occurring categories listed in Table 2 . These categories make clear that JCAMD articles are of relevance not just to medicinal and biological chemists but also more broadly across the chemical sciences. Indeed, the journal's influence extends beyond chemistry, as the 150 categories not listed in the table are as diverse as Business Finance, Fisheries, Medical Ethics, and Sports Science, inter alia. An economic analogy has been noted by Cronin and Pearson for the crossing of subject boundaries by ideas, research and methods [9] . These authors suggest that if a citing journal is from a subject area that is different from that of the cited article then the citation can be regarded as an example of an export process. Viewed in this light, JCAMD can be seen to be exporting successfully to a range of other subject areas, hence increasing the visibility of the journal and of the discipline that it describes.
On average, each JCAMD article attracts 26.6 citations, but this is again a very skewed distribution in which just a few articles attract a very large amount of interest. The 20 most highly cited articles are listed in Table 3 , and readers of this journal, whatever their specific area of research, are likely to be familiar with at least some of these. In all, the 20 articles attracted 9,301 citations, i.e., 29.8% of the total number of citations to the journal. As has been noted in previous studies [5, 7] , descriptions of chemoinformatics methods or systems can rapidly attract very large numbers of citations if an article becomes the ''standard'' reference, i.e., the one that is normally cited when a particular algorithm or piece of software is used in a project. This is again the case here, with descriptions of DISCO, DOCK, GASP, LUDI, MOLDEN and MOPAC appearing amongst the 20 most-cited JCAMD articles that are listed in Table 3 ; descriptions of CAVEAT, CoMSIA, IsoStar and SPROUT inter alia appear as one moves further down the list of highly-cited articles. The extensive citation of method/ system articles is hardly surprising since a method/system may have wide applicability both within and without the general modeling area, thus enabling it to attract citations from a wide range of disciplines. Interest in an applications article, conversely, is likely to be principally of interest to the molecular design community (or some part thereof), and such articles hence tend to have relatively lower citations rates.
Method/system articles may continue to be cited over a considerable period, even when new versions become available in the case of operational systems; for example, Stewart's MOPAC article was first published over two decades ago, in 1990, but has still attracted an average of over 50 citations per annum for the last 5 years. This extended citation lifetime further increases the citation yield of such articles whereas the information in an applications article may date quite quickly as new biological or chemical knowledge becomes available. Such long-term effects are lessened if we consider the 20 mostcited articles from amongst those that have been published over just the last 5 years, i.e., the period 2006-2010. Methods and systems are again well represented (e.g., descriptions of the systems GALAHAD and PHASE, and techniques for the evaluation and comparison of virtual screening experiments) but four of the articles focus on specific applications (e.g., homology modelling of the human histamine H-3 receptor, and QSAR modeling of tylophorine derivatives as anti-cancer agents). In conclusion, it should be noted that while method/system articles attract the most citations, it is applications that have always provided the principal focus of the majority of the articles published in the journal. Thus, if we consider the issues of the journal published in 1990, 2000 and 2010 (i.e., volumes 4, 14 and 24) 63, 64 and 71% respectively of them were applications articles, as reflected by mention in the title of a specific class of structures and/or of a specific biological activity (these percentages are after excluding perspectives and special-issue articles).
Conclusions
In conclusion, the publication and citation data presented here demonstrate very clearly that JCAMD has met fully the objectives that the founding editors set themselves when the journal was established in 1987. The journal attracts high-quality articles that are of relevance not only to the international molecular modeling community but also more broadly across the chemical sciences and beyond. This is especially the case with articles describing computational methods and software systems, these complementing the applications studies that form the principal component of the journal.
